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a solution of freshly distilled 5-(/3-~hloroethy1)-4-methylthiazole~~ 
(3.2 g, 0.02 mol) in acetone (analytical grade, 10 mL) at  room 
temperature. The reaction mixture was subsequently kept at  e20 
"C for 24 h. After storage of the reaction mixture in the refrig- 
erator for 1-2 h, a white precipitate was formed. This was collected 
and washed with acetone (25 mL) to afford the white crystalline 
product: yield 4.9 g (85%); mp 92 "C; 'H NMR (200 MHz, D2O) 
6 2.57 (s,3, C4-CH3), 3.48 (t, 2, J = 7 Hz, C5-CHJ, 3.72 (s,3, CH30), 

Anal. Calcd for C&II4ClNO4S2: C, 33.39; H, 4.90, N, 4.87; S, 22.28. 
Found: C, 33.31; H, 5.03; N, 4.84; S, 22.40. 

5-(~-Chloroethyl)-2,3,4-trimethylthiazolium Methyl Sul- 
fate (5b). The same procedure as for 5a was used by starting 
from 5-(~-chloroethyl)-2,4-dimethylthiazole1' (0.88 g, 0.005 mol) 
and dimethyl sulfate (0.63 g, 0.005 mol) in acetone (3 mL). After 
evaporation of the solvent, the product was obtained as an oil 
which was used without purification: 'H NMR (200 MHz, D20) 

C5-CH2), 3.71 (s, 3, CH30), 3.86 (t, 2, J = 6 Hz, CHzCl), 3.92 (s, 

5-(yChloropropyl)-3,4-dimethylthiazolium Methyl Sulfate 
(7). The same procedure as for 5a was used by starting from 
5-(y-chloropropyl)-4-methylthiazole18 (3.4 g, 0.019 mol) and di- 
methyl sulfate (2.4 g, 0.019 mol) in acetone (10 mL). After 
evaporation of the solvent, the product was obtained as an oil 
which was used without purification: 'H NMR (200 MHz, D20) 
6 2.17 (m, 2, J = 7 Hz, CCHzC), 2.51 (s, 3, C4-CH3), 3.13 (t, 2, J 
= 7-8 Hz, C6-CHA, 3.66 (t, 2, J = 6 Hz, CH2Cl), 3.73 (s,3, CH30), 

C, 35.82; H, 5.34; N, 4.64; S, 21.25. Found: C, 35.34; H, 5.57; N, 
4.56; S, 20.71. 

N-Methyl-N-[ (2)-1-(2-thietanylidene)ethyl]formamide 
(6a). Compound 5a (2.9 g, 0.01 mol) was dissolved in water (10 
mL) at  room temperature, and trichloroethylene (10 mL) was 
added. The water phase was separated after extraction and a new 
portion of trichloroethylene (10 mL) was added followed by 1 M 
sodium hydroxide (22 mL, ~0.022 mol) in one portion. After the 
two-phase system was stirred for 5-10 min at  ambient temper- 
ature, the phases were separated, and the water phase was ex- 
tracted with trichloroethylene (10 mL). The combined organic 

3.93 (t, 2, J =  7 Hz, CHZCl), 4.17 (9, 3, NCHS), 9.78 (9, 1, Cz-H). 

6 2.49 (9, 3, C4-CH3), 2.92 (9, 3, Cz-CHJ, 3.38 (t, 2, J = 6 Hz, 

3, NCH3). 

4.11 (s, 3, NCHJ, 9.68 ( ~ ~ 1 ,  C2-H). And. Calcd for CJ316ClNO4S2: 

(16) This compound was obtained from A. B. Astra, 15185 Sdertiilje, 
Sweden. 

(17) This compound was prepared according to the method of 
Lindberg, U. H.; Bexell, G.; Ulff, B. Acta Pharm. Suec. 1971, 8, 49. 

(18) This compound was obtained as the ethanedisulfonate salt from 
de Laire Chimie SA, 62104 Calais, France. 

phases were dried (Na2S04) and evaporated. Distillation afforded 
the product as a colorless oil: yield 1.2 g (78%); bp 71-73.5 "C 
(0.05 mmHg); n z ~  1.5514; IR (neat) 1670 cm-' (amide C=O); 'H 

(m, 2, C=CHz), 8.02 (s, 1, CHO); 13C NMR (CDC13) 6 15.0, 20.6, 
28.7, 34.2, 124.3, 129.3, 162.419; mass spectrum, m/z (relative 
intensity) 157 (42, M'), 124 (66), 116 (431, 111 (84),68 (37), 56 
(100). Anal. Calcd for C7H11NOS: C, 53.47; H, 7.05; S, 20.39. 
Found: C, 53.18; H, 6.93; S, 20.10. 

N-Methyl-N-[ (2)-1-(2-thietanylidene)ethyl]acetamide 
(6b). The same procedure as for 6a was used by starting from 
5b (0.91 g, 0.003 mol) dissolved in water (5 mL), trichloroethylene 
(5 mL), and 1 M NaOH (7 mL, 4.007 mol). Distillation afforded 
the product as a colorless oil: yield 0.29 g (56%); bp 65-67 "C 
(0.05 mmHg); IR (neat) 1655 cm-' (amide C=O); 'H NMR (200 

NMR (200 MHz, CDC13) 6 1.72 (t, 3, J = 1.5 Hz, =CCH3), 2.91 
(d, 3, NCHS), 3.15-3.22 (2 t, 2 H, J = 6-7 Hz, SCH2), 3.47-3.55 

MHz, CDCl3) 6 1.70 (s, 3, =CCHJ, 2.04 (8,  3, CHsCO), 2.91 (8 ,  
3, NCHB), 3.17 (t, 2, J = 6-7 Hz, SCH2), 3.48 (t, 2, J = 6 Hz, 
=CCH2); 13C NMR (CDClJ 6 14.6, 20.3, 20.8, 31.5, 34.0, 126.6, 
132.4,170.4; mam spectrum, m/z (relative intensity) 171 (23, M+), 
138 (54), 125 (78), 124 (14), 110 (12), 100 (22), 95 (24), 94 (ll), 
82 (281, 56 (100). Anal. Calcd for C8H13NOS: C, 56.11; H, 7.65; 
S, 18.72. Found: C, 55.57; H, 7.74; S, 18.60. 
N-[ (2)- l-(Dihydro-2(3H)-thienylidene)ethylI-N- 

methylformamide (8). The same procedure as for 6a was used 
by starting from 7 (3.0 g, 0.01 mol) dissolved in water (10 mL), 
trichloroethylene (10 mL), and 1 M NaOH (22 mL, ~0 .022  mol). 
Recrystallization from hexane-methanol afforded the product as 
white crystals: yield 1.6 g (92%); mp 50-52 "C; IR (CHC13) 1665 
cm-' (amide C=O); 'H NMR (200 MHz, CDC13) 6 1.89 (s, 3, 
=CCH3), 2.15 (m, 2, J = 6-7 Hz, CCHzC), 2.61 (t, 2, J = 6-7 Hz, 

141.3, 163.1; mam spectrum, m/z (relative intensity) 171 (78, M'), 
143 (lo), 142 (16), 130 (45), 124 (65), 115 (lo), 114 (16), 112 (26), 
111 (18), 110 (lo), 109 (lo), 87 (lo), 82 (19), 71 (lo), 59 (lo), 58 
(12), 56 (100). Anal. Calcd for C8H13NOS: C, 56.11; H, 7.65; S, 
18.72. Found: C, 56.12; H, 7.72; S, 18.72. 

Registry No. 5a methyl sulfate, 78919-46-7; 5b methylsulfate, 
78891-19-7; 6a, 71114-46-0; 6b, 78891-20-0; 7 methylsulfate, 78891- 
22-2; 8, 78891-23-3; dimethyl sulfate, 77-78-1; 5-(@-chloroethyl)-4- 
methylthiazole, 533-45-9; 5-(~-chhloroethyl)-2,4-dimethylthiazole, 
31299-90-8; 5-(y-chloropropyl)-4-methylthiazole, 6469-36-9. 

SCHZ), 2.94 (9, 3, NCHS), 3.01 (t, 2, J = 6 Hz, =CCH2), 8.01 (8 ,  
1, CHO); 13C NMR (CDC13) 6 18.7, 28.3, 30.6, 33.4, 33.7, 122.5, 

(19) For assignment of 13C NMR signals of compound 6a, see ref 4a. 
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The reaction of phenylselenyl chloride with olefins in acetonitrile containing trifluoromethanesulfonic acid 
and water affords P-acetamidoalkyl phenyl selenides in good to excellent yields. This represents the f i t  example 
of one-pot amidoselenation of mono- and disubstituted olefins. The reaction can be carried out in benzonitrile, 
propionitrile, butyronitrile, or ethyl cyanoacetate. It was confirmed that the amidoselenation reaction proceeds 
with trans stereospecificity. Oxidative elimination of the produced P-amidoalkyl phenyl selenides gives allylic 
amides selectively in good to excellent yields. These two reactions constitute a good method for conversion of 
olefins to allylic amides. 

The chemistry of organoselenium compounds is of 
current interest owing to their fertile and easily manipu- 
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lated nature.' For utilization in organic syntheses, one 
of the key reactions is the introduction of selenium into 
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Table I. Reac t ion  Condi t ions  for Amidoselenation of Cyclohexene a 

selenium reagent acid m m o l  t ime,  yield of 1 
ent ry  (1 m m o l )  (1 m m o l )  of H,O h ( R =  CH,), % b  

1 PhSeCl CF,SO,H 5 1 98 

3 PhSeSePh/Br,  CF,SO,H 5 1 68 
4 PhSeSePh /SO, C1 CF,SO,H 1 1 83 

6 PhSeCl none  1 1 1 7  
7 PhSeCl CF,SO,H 5 96 4 2  
8 PhSeCl CF,SO,H f 5 1 30 
9 PhSeCl TsOH.H,O e 4 3 66 
10 PhSeCl CF,CO,H 5 1 38 
11 PhSeCl HC1 3.5 1 27 

2 PhSeCl CF,SO,H 1 1 93 

5 PhSeCl CF,SO,H none  1 4 2  

a Cyclohexene  (1 m m o l )  a n d  CH,CN (6 m L )  at r e f lux  tempera ture .  
PhSeSePh (0 .5  m m o l )  and Br, o r  SO,C1, (0.5 mmol ) .  

Determined  by  l iquid chromatography.  
A t  r o o m  tempera ture .  e p-Toluenesulfonic acid monohydra t e .  

f Only 0.1 m m o l  added  in th i s  case. 

organic molecules. Electrophilic addition of the phenyl- 
seleno group to olefins is one of the valuable methods and 
has many precedents in the case of the oxyselenation re- 
a c t i ~ n . ~ . ~  In view of the important role of nitrogen 
functional groups in biologically active compounds, the 
introduction of both phenylseleno and nitrogen functional 
groups to olefins-aminoselenation of olefins-should 
provide a valuable method for synthetic strategies. We 
have now found that the reaction of phenylselenyl chloride 
with olefins in acetonitrile containing trifluoromethane- 
sulfonic acid and water affords 0-acetamido selenides in 
good to excellent  yield^.^ Although several methods have 
been reported which result in the aminoselenation of 
olefins, some of them5 require two-pot reactions and f or 
the preparation of effective selenium reagents, and others6 
can only be applied to special type of olefins such as ole- 

(1) For review, see: Clive, D. L. J. Tetrahedron 1978,34,1049-1132. 
Reich, H. J. "Oxidation in Organic Chemistry, Part C"; Trahanovsky, W., 
Ed.; Academic Press: New York, 1978 pp 1-130. Reich, H. J. Acc. Chem. 
Res. 1979, 12, 22-30. 

(2) For example: Holzle, G.; Jenny, W. Helu. Chim. Acta 1958, 41, 
593-603. Hori, T.; Sharpless, K. B. J.  Org. Chem. 1978,43, 1689-1697. 
Reich, H. J.; Wollowitz, S.; Trend, J. E.; Chow, F.; Wendelbom, D. F. Ibid. 
1978,43, 1697-1705. Laber, D.; Krief, A.; Hevesi, L. Tetrahedron Lett. 
1978,3967-3970. Nicolaou, K. C.; Claremon, D. A,; Barnette, W. E.; Seitz, 
S. P. J .  Am. Chem. SOC. 1979,101,3704-3706. Shimizu, M.; Takeda, R.; 
Kuwajima, I. Tetrahedron Lett. 1979,346-3464. Goldsmith, D.; Liotta, 
D.; Lee, C.; Zima, G. Ibid. 1979, 4801-4804. Miyoshi, N.; Ohno, Y.; 
Kondo, K.; Murai, S.; Sonoda, N. Chem. Lett. 1979, 1309-1312. Clive, 
D. L. J.; Russell, C. G.; Chittattu, G.; Singh, A. Tetrahedron 1980, 36, 
1399-1408. Garratt, D. G.; Kabo, A. Can. J .  Chem. 1980,58,1030-1041. 
Kozikowski, A. P.; Sorgi, K. L.; Schmiesing, R. J. J .  Chem. SOC., Chem. 
Commun. 1980,477-479. Jackson, W. P.; Ley, S. V.; Whittle, A. J. Ibid. 
1980, 1173-1174. Torii, S.; Uneyama, K.; Ono, M. Tetrahedron Lett. 

(3) (a) Toshimitsu, A.; Uemura, S.; Okano, M. J .  Chem. SOC., Chem. 
Commun. 1977,166-167. (b) Uemura, S.; Toshimitsu, A.; Aoai, T.; Ok- 
ano, M. Ibid. 1979, 610-611. ( c )  Uemura, S.; Toshimitsu, A.; Aoai, T.; 
Okano, M. Chem. Lett. 1979,1359-1360. (d) Uemura, S.; Toshimitsu, A.; 
Aoai, T.; Okano, M. Tetrahedron Lett. 1980,1533-1536. (e) Toshimitsu, 
A.; Aoai, T.; Uemura, S.; Okano, M. J.  Org. Chem. 1980,45,1953-1958. 
(fJ Toshimitsu, A.; Aoai, T.; Owada, H.; Uemura, S.; Okano, M. J .  Chem. 
SOC., Chem. Commun. 1980,412-413. 

(4) Toshimitsu, A.; Aoai, T.; Uemura, S.; Okano, M. J. Chem. SOC., 
Chem. Commun. 1980,1041-1042. Recently it has been reported that the 
analogous results were obtained by using an electrochemical process: 
Bewick, A.; Coe, D. E.; Fuller, G. B.; Mellor, J. M. Tetrahedron Lett. 

(5 )  (a) Barton, D. H. R.; Britten-Kelly, M. R.; Ferreira, D. J .  Chem. 
Soc., Perkin Trans. 1 1978,1090-1100. (b) Denis, J. N.; Vicens, J.; Krief, 
A. Tetrahedron Lett. 1979, 2697-2700. (c) Garratt, D. G.; Ryan, M. D.; 
Ujjainwalla, M. Can. J .  Chem. 1979,57, 2145-2153. (d) Garratt, D. G. 
Ibid. 1979, 57, 218C-2184. 

(6) (a) Reich, H. J.; Renga, J. M. J .  Org. Chem., 1975,40,3313-3314. 
(b) Reich, H. J.; Renga, J. M.; Trend, J. E. Tetrahedron Lett. 1976, 
2217-2220. (c) Clive, D. L. J.; Wong, C. K.; Kiel, W. A.; Menchen, S. M. 
J. Chem. SOC., Chem. Commun. 1978,379-380. (d) Clive, D. L. J.; Farina, 
V.; Singh, A.; Wong, C. K.; Kiel, W. A.; Menchen, S. M. J .  Org. Chem. 
1980,45,2120-2126. (e) Wilson, S. R.; Sawicki, R. A. J.  Org. Chem. 1979, 

1980, 2741-2744. 

1980, 3827-3828. 

44, 287-291. 

finic urethanes or Michael acceptors. Our procedure gives 
better yields and the reaction is simpler and more general. 

Double bond formation by oxidative elimination of the 
phenylseleno group constitutes another key reaction for 
organic syntheses using organoselenium compounds. The 
direction of the elimination is well established for the alkyl 
aryl selenides bearing a heteroatom such as oxygen,' sul- 
fur,6 or ch l~ r ine '~ ,~  at  the 0-position of the alkyl group. 
However, little is known for the selenides bearing a ni- 
trogen functional group at the &position. It has only been 
reported that in the oxidation of p-(dimethy1amino)alkyl 
phenyl selenides6* an elimination away from the di- 
methylamino group leading to allylic amines is moderately 
favored and that a mixture of allyl azide and vinyl azide 
(isomer ratio 3:2) is formed by oxidation of 0-azidocyclo- 
hexyl phenyl ~elenide.~~JO We have now found that ox- 
idative elimination of the produced P-amidoalkyl phenyl 
selenides gives allylic amides selectively in good to excellent 
yie1ds.l' These two reactions constitute a good method 
for conversion of olefins to allylic amides.12 We describe 
here the details of these reactions as one of our series of 
studies on organoselenium ~hemis t ry .~J~  

Results and Discussion 
Amidoselenation. In a typical reaction, trifluoro- 

methanesulfonic acid (1 equiv) and water ( 5  equiv) were 
added to a solution of the adduct of cyclohexene and 
phenylselenyl chloride in acetonitrile at room temperature, 
and the resulting solution was stirred under reflux for 1 
h to give trans-2-acetamidocyclohexyl phenyl selenide (1, 
R = CH3) almost quantitatively (eq 1). The reaction 
conditions examined are summarized in Table I. The 
yield of 1 (R = CH3) was not satisfactory when either acid 
or water was omitted (entries 5 and 6). Among several 

(7) (a) Sharpless, K. B.; Lauer, R. F. J .  Am. Chem. SOC. 1973, 95, 
2697-2699. (b) J.  Org. Chem. 1974,39,429-430. (c) Dumont, W.; Bayet, 
P.; Krief, A. Angew. Chem., Int. Ed. Engl. 1974,13,804-806. (d) Reich, 
H. J.; Shah, S. K. J .  Am. Chem. SOC. 1975,97, 3250-3252. 

(8) Nicolaou, K. C.; Bamette, W. E.; Magolda, R. L. J.  Am. Chem. SOC. 

(9) Raucher, S. Tetrahedron Lett. 1977,3909-3912. See also: Liotta, 
D.; Zima, G. J .  Org. Chem. 1980,45, 2551-2553. 

(10) See also: Liu, P. S.; Marquez, V. E.; Kelley, J. A.; Driscoll, J. S. 
J .  Org. Chem. 1980,45,5225-5227. 

(11) Toshimitsu, A,; Aoai, T.; Owada, H.; Uemura, S.; Okano, M. J .  
Chem. SOC., Chem. Commun. 1981, 546-547. 

(12) (a) Shono, T.; Ikeda, A. J. Am. Chem. SOC. 1972,94,7892-7898. 
(b) Briguet, C.; Freppel, C.; Richer, J. C.; Zador, M. Can. J .  Chem. 1974, 

(13) Uemura, S.; Toshimitsu, A.; Okano, M.; Ichikawa, K. Bull. Chem. 
SOC. Jpn. 1975,48,1925-1928. Toshimitsu, A.; Kozawa, Y.; Uemura, S.; 
Okano, M. J. Chem. SOC., Perkin Trans. 1 1978,1273-1278. Toshimitau, 
A,; Uemura, S.; Okano, M. Ibid. 1979,1206-1210. Esaki, N.; Tanaka, H.; 
Uemura, S.; Suzuki, T.; Soda, K. Biochemistry 1979, 18, 407-410. 

1978, 100, 2567-2570. 

52, 3201-3205. 
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organic and inorganic acids examined, trifluoromethane- 
sulfonic acid was found to be most effective (entries 1, 9, 
10, and 11). This reaction also proceeded smoothly when 
phenylselenyl halides were prepared in situ by the reaction 
of diphenyl diselenide with bromine or sulfuryl chloride, 
indicating that in the latter case the produced sulfur di- 
oxide did not interfere with this reaction (entries 3 and 
4).14 When the amount of water was reduced to 1 molar 
equiv with respect to the substrates, the yield of 1 (R = 
CH3) was slightly lowered, while 1 (R = CH,) was produced 
only in a yield of 30% when the amount of trifluoro- 
methanesulfonic acid was reduced to 0.1 molar equiv with 
respect to the substrates. The reaction also proceeded at 
room temperature, but the yield of 1 (R = CHJ was not 
satisfactory even with a prolonged reaction time. This 
reaction is reminiscent of the Ritter amide synthesis and 
related rea~ti0ns.l~ As shown in eq 2, this reaction seems 

r r 1 

/ I  I I. 

1 
2 

1 ( R =  CH,) ( 2 )  

to proceed by the attack of the nitrogen atom of aceto- 
nitrile on the episelenonium ion (which exists in equilib- 
rium with the adduct) to give the intermediate 2, which 
is hydrolyzed under the reaction conditions to give 1 (R 
= CH3). It should be worth noting that although phe- 
nylselenyl chloride in acetonitrile-water (5:l) is a good 
reagent for hydroxyselenation of none of P-hy- 
droxyalkyl phenyl selenide was detected in the products 
under the present reaction conditions. This seems to be 
due to the difference of the amount of water (ratio of ca. 
1/67) and also to the presence of acid which can associate 
with water. 

From other cyclic olefins such as cyclopentene, cyclo- 
heptene, and cyclooctene, ,&amido selenides 3-5 were ob- 
tained in moderate to good yields (eq 3). 

3 , n = 1  
4 , n = 3  
5 , n =  5 

When this reaction was applied to linear terminal olefins, 
a phenylseleno group was introduced on the terminal 

(14) It has been reported (ref 7c, footnote 3) that in the case where 
PhSeCl is prepared in situ by the reaction of sulfuryl chloride with 
PhSeSePh, the produced SOz interferes with subsequent reactions. 

(15) (a) Ritter, J. J.; Minieri, P. P. J.  Am. Cheni. SOC. 1948, 70, 
4045-4048. (b) Ritter, J. J.; Kalish, J. Ibid. 1948, 70, 4048-4050. (c) 
Cairns, T. L.; Graham, P. J.; Barrick, P. L.; Schreiber, R. S. J. Org. Chem. 
1952,17,751-757. (d) Lowell, J. R., Jr.; Helmkamp, G. K. J.  Am. Chem. 
SOC. 1966,88,768-770. (e) Theilacker, W. Angew. Chem., Int. Ed. Engl. 
1967,6,94. (f) Brown, H. C.; Kurek, J. T. J. Am. Chem. SOC. 1969,91, 
5647-5649. 

Table 11. Amidoselenation of Representative Olefins a 

olefin h product(s) (isomer ratio) 
time, yield, 7% 

cyclopentene 1 3 67 
cy clohexene 1 1 ( R =  CH,) 98 

cyclooctene 1 5  4 2  
1-hexene 3 6 t 7 (R  = 79 (84:16 6/7)  

1-octene 3 6 + 7 (R = 67 (85:15 6/71 

cycloheptene 1 4 55 

n-C4H,) 
~~ 

1 -decene 
n-C6 H13) 

3 6 + 7 ( R =  7 7  (88:126/7)  
n-CsH,,) 

n-C,oHz, 1 
n-C14H29 1 

1-dodecene 1 6 + 7 ( R =  68 (86:14 6/7) 

1-hexadecene 3 6 + 7 ( R =  64 (87:13 6/7) 

1 -0ctadecene 3 6 + 7 ( R  = 65 (86:14 6/7)  
n-C16'H33) 

styrene 6 6 ( R = P h )  36 
trans-2-butene 1 ervthro-8 70 
cis-2-butene 1 th-reo-8 74 
cis-2-octene 3 9 t 1 0  89 (46:54 9/10) 

Olefin ( 5  mmol), PhSeCl (5  mmol), CF,SO,H ( 5  
mmol), H,O (25 mmol), and CH,CN (30 mL) at  reflux 
temperature. Isolated yield. Determined by liquid 
chromatography. 

carbon atom to give 6 predominantly, but a small amount 
of regioisomer 7 was also obtained (6/7 ratio of ca. 6; eq 
4). If desired, each isomer can be isolated in a pure form 

y H C O C H 3  SePh 
PhSeCI /CH$N I I - RCHCHZSePh t R C H C H 2 N H C O C H 3  (4) 
C F3 SOjH / H20 

R C H e C H z  

6 7 

by column chromatography (see Table VI). Although the 
reaction mixture was heterogeneous in the cases of hexa- 
decene and octadecene, the yields and isomer ratios were 
almost the same as those in homogeneous reactions. In 
the case of styrene, a phenylseleno group was introduced 
selectively into the terminal carbon atom to give only 6 
(R = Ph) in a 36% yield, several attempts to improve the 
yield being unsuccessful. 

We investigated the stereochemical course of the reac- 
tion using cis- and trans-2-butenes as olefinic substrates. 
A different stereoisomer (threo or erythro) of 2-acet- 
amido-&(phenylseleno)butane (8) was obtained selectively 
from cis- or trans-2-butene (eq 5 ) .  These stereoisomers 

N H C O C H 3  
I 

P h S e C I / C H 3 C N  I 
C H 3 C H = C H C H 3  C H 3 C H C H C H 3  ( 5 )  

C F 3 S O j H / H 2 0  

SePh 
8 

cis - threo 
trans - erythro 

were well distinguished by their 'H NMR spectra. It was 
revealed that the product obtained from cis-2-butene was 
identical with an authentic sample of threo-8 prepared by 
acetylation of known cis-2,3-dimethylaziridine16 followed 
by trans ring opening5* by sodium phenylselenolate. 
Consequently, the product obtained from trans-Zbutene 
was determined to erythro-8. This result indicates that 
the amidoselenation reaction proceeds with trans stereo- 

(16) Hassner, A.; Matthews, G. J.; Fowler, F. W. J. Am. Chem. SOC. 
1969, 91, 5046-5054. 
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Table 111. Amidoselenation in Various Nitriles a 

solvent (mL)  temp, "C 

CH,CN ( 3 0 )  76  
CH,CH,CN (1 5 )  90 
CH,CH,CH,CN (1  5 )  90 
PhCN ( 1 5 )  90 
CH,CH,O,CCH,CN (15)  90 

a Cyclohexene ( 5  mmol) ,  PhSeCl(5 mmol) ,  CF,SO,H ( 5  m 

specificity as shown in eq 2. This is in accord with the 
report that the reaction of an episulfide with a nitrile in 
the presence of a strong acid proceeds with trans stereo- 
specificity.lM When cis-2-octene was treated under the 
same conditions, a mixture of almost equal amounts of 
regioisomers 9 and 10 was obtained. These isomers can 

9 10 

be separated easily by column chromatography. Both 9 
and 10 seem to be the threo isomer as in the cis-2-butene 
case. Typical results are summarized in Table 11. When 
1-methylcyclohexene or 2,3-dimethyl-2-butene was treated 
under the same reaction conditions, none of @-amido 
selenides were obtained, and several attempts with variant 
conditions resulted in failure. 

The amidoselenation reaction can be carried out not only 
in acetonitrile but also in other solvent containing a cyano 
group such as benzonitrile, propionitrile, butyronitrile, or 
ethyl cyanoacetate. As shown in Table 111, @-amido sel- 
enides containing various substituents on the amido group 
were prepared in excellent yields by using cyclohexene as 
an olefinic substrate. In the case where ethyl cyanoacetate 
was used as the solvent, the formation of a side product 
might be expected if the episelenonium ion was attacked 
by the oxygen atom of the ester g r o ~ p ~ ~ J '  in ethyl cyan- 
oacetate. However, the products obtained were &amido 
selenide 1 (R = CH,COOCH2CH3; 72% yield) and di- 
phenyl diselenide (25% yield), none of oxyselenated 
products being detected. This result indicates that the 
attack of the nitrogen atom of cyano group on the epi- 
selenonium ion is much more favored than that of oxygen 
atom of ester group. The hydrolysis of the ester group 
under the reaction conditions seems to be very slow, as 
evidenced by the fact that none of ester group in @-amido 
selenide 1 (R = CH2COOCH2CH3) was hydrolyzed. 

Combining the results summarized in Tables I1 and 111, 
it is clear that a wide range of @-amido selenides can be 
prepared by this one-pot amidoselenation reaction. 

Synthesis of Allylic Amides. By oxidation of 3 with 
aqueous HzOz (10 molar equiv) in tetrahydrofuran at 0-20 
"C, 3-acetamidocyclopentene was obtained selectively in 
a yield of 83% (eq 6). None of its isomers were detected 

( 6 )  

SePb 

30% aqueous H& - CH=CH-CH 

I T H F  

I 
CH2-CH-CH 

NHCOCH3 
I 
NHCOCH3 

in the product (by 'H NMR). As summarized in Table IV, 
seven- and eight-membered-ring &amido selenides (4 and 
5 )  as well as linear compounds (8) gave allylic amides 

(17) Garratt, D. G.; Ryan, M. D.; Beaulieu, P. L. J. Org. Chen.  1980, 
45, 839-845. 

time, h R yield,b % 

1 CH, 98  
3 CH,CH, 9 5  
1 CH,CH,CH, 8 5  
1 Ph 90 
2 CH,CH,O,CCH, 7 2  

lmol), and H,O ( 2 5  mmol). Isolated yield. 

Table IV. Synthesis of Allylic Amidesa 

yield, 
0-amido selenide product % 

83 r- 
- L C  - 7 ,  

3 

1 ( R  = CH,) 4 9 5  
-kH I r H ,  

1 ( R  = CH,CH,CH,) e 66 

4 82 
U V H L  H 2  n *, 

84 

'4 \.H - x  

6 8  

? 5 

rh,s-iti=cdL 

I 

I 

threo-8 

ery thro-8  
h H r O C i i 3  

C H x r H L H = L H 2  6 8  
v H r  c d i  

a ,?-Amido selenide ( 2  mmol), 30% aqueous H,O, ( 2 0  
mmol) ,  and THF ( 2 0  mL) at 0-20 "C. Isolated yield. 

By pyrolysis of isolated selenoxides (11) and with 
Kugelrohr distillation at 2 5 0  "C ( 2  torr); overall yield 
from 1. 

selectively in good to excellent yields under the same re- 
action conditions. 

When six-membered-ring 0-amido selenides 1 were 
treated under the same conditions as described above, none 
of allylic amides were formed, and, instead, white solids 
were obtained which were characterized as I the corre- 
sponding selenoxides (11, eq 7). This result shows that 

plh 

30% aqueous ti202 
THF ( 7 )  

'V N ti c o R 

I 

11, R =  CH, 95% 
R = CH,CH,CH, 100% 

in spite of the presence of three @-protons, the selenoxides 
11 do not decompose in tetrahydrofuran at  20 "C for 2 h. 
Furthermore, the isolated selenoxides 11 can be stored 
almost infinitely at room temperature. The stability of 
11 seems to be due to the formation of an intramolecular 
hydrogen bond between the hydrogen atom of amido group 
and the oxygen atom of the selenoxide as depicted in eq 
7.lS This hypothesis is well supported by spectroscopic 
data as follows. Thus, in 'H NMR spectra NH protons 
are shielded by 2.3-2.8 ppm by the formation of selenoxide. 

(18) Formation of an intramolecular hydrogen bond has been proposed 
in 2-hydroxycyclohexyl phenyl selenoxides: Detty, M. R. J.  Org. Chem. 
1980,45,274-279. Rickards, R. W.; Watson, W. P. Aust. J .  Chem. 1980, 
33, 451-454. 
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Table V. Reduction of @-Amido Selenides a 

@-amido selenide tin reagent (mmol) time, h product yield, % 

1 ( R =  CH,) Ph,SnH (2.5) 4 C,H,,NHCOCH, 100 
1 (R  = CH,) n-Bu,SnH (1.5) 35 C,H,,NHCOCH, 35 
3 Ph,SnH (2)  4 C,H,NHCOCH, 100 

threo-8 Ph,SnH ( 2 )  4 CH,C( NHCOCH,)HCH,CH, 80 
6 (R  = n-C,H,) Ph,SnH ( 2 )  4 n-C,H,C( NHCOCH,)HCH, 86 

a @-Amido selenide (0.5 mmol) and toluene (10 mL) at reflux temperature. Determined by GLC. 

In IR spectra of the selenoxides, the absorptions due to  
the carbonyl group were observed at a 13-27 cm-' higher 
frequency than those of the corresponding selenides, which 
is ascribed to  the dissociation of intermolecular hydrogen 
bond of two amide groups in 1, i.e., I, by the formation of 

N/H----o=C \C=O---- H/ \ N  

I 

an intramolecular hydrogen bond in 11. The  IR absorp- 
tions due to N-H stretching moved to a lower frequency 
by 100-200 cm-' on the formation of selenoxides. This 
value represents the sum of the  effects of the formation 
of the intramolecular hydrogen bond and the dissociation 
described above. The measurement of lH NMR coupling 
constants of methine protons of 11 revealed that both 
substi tuents bear the equatorial position of cyclohexane 
framework. The proper dihedral angle of the C-Se and 
C-N bonds in a stable conformer seems to be important 
for the formation of an intramolecular hydrogen bond, 
since selenoxides were not isolated from non-six-mem- 
bered-ring or linear &amido selenides. Observation of two 
signals of singlet acetyl protons (2.01, 2.06 ppm; ca. 2:l) 
in the 'H NMR spectrum of 11 (R = CH3) suggests tha t  
11 (R = CH3) consists of two diastereoisomers due to  the 
configuration on selenium in a ratio of ca. 21.  Selenoxide 
fragmentation of 11 (R = CHJ in boiling tetrahydrofuran 
(for 1 h) or p-xylene (for 3 h) produced 3-acetamido- 
cyclohexene selectively, but only in moderate yields (43% 
and 6390, respectively). The yields of allylic amides were 
improved without loss of selectivity by pyrolysis of 11 using 
Kugelrohr distillation (250 "C, 2 torr; Table IV). 

Oxidation of &amido selenides bearing a phenylseleno 
group on the terminal carbon atom gave the corresponding 
selenoxides in almost quantitative yields, but the at- 
tempted pyrolysis of selenoxides using Kugelrohr distil- 
lation (250 "C, 2  OR) resulted in the formation of resinous 
products which could not be characterized. 

As a conclusion, sequential procedures (amidoselenation 
of olefins and oxidative elimination) constitute a good 
method for the conversion of internal olefins to  allylic 
amides bearing various substituents on the amide group. 

Reduction of ,&Amido Selenides. Finally, we describe 
briefly the  results of the displacement of a phenylseleno 
group in the  produced @-amido selenides with hydrogen 
by a recently reported method.lg By the reaction with 
triphenyltin hydride in refluxing toluene the &amido 
selenides gave the corresponding aliphatic amides in ex- 
cellent yields. When tri-n-butyltin hydride was used in 
place of triphenyltin hydride, the yield of aliphatic amide 
was unsatisfactory. Typical results are summarized in 
Table V. The  overall procedures, the amidoselenation 
reaction and triphenyltin hydride reduction, represent a 
method for the  conversion of olefins t o  aliphatic amides, 
formally the  addition of amides to  olefins. 

Experimental Section 
IR spectra were recorded with a Hitachi EPI-S2 spectrometer. 

'H NMR spectra were taken with Varian EM-360 and JEOLCO 
JNM-PFT-100 instruments on solutions, in CDC13 with Me4Si 
as an internal standard. GLC analyses were carried out with a 
Shimadzu 4CMPF apparatus by using a PEG-6000 (25% )-Shi- 
malite column (1 m; N2 as carrier gas). Liquid chromatographic 
analyses were carried out with a Waters HPLC system equipped 
with a 6oooA solvent delivery system and a Model 440 absorbance 
detector (at 254 nm) with a p-Porasil (3.9 mm X 0.3 m) column 
[hexane-tetrahydrofuran (2:l) as eluant]. Mass spectra were 
measured on a JEOL JMS-300 mass spectrometer connected to 
a JEOL LGC-BOK gas chromatograph, equipped with a 1-m glass 
column packed with OV-17 (2%) on Chromosorb B, and a 
JMA-2000 data processing system. The ionization voltage was 
24 eV for all compounds. Melting points were determined with 
Shimadzu MM-2 micro melting point determination apparatus 
and were uncorrected. 

Materials. Triphenyltin hydride was prepared by reduction 
of commercial triphenyltin chloride with LiAlH4 in diethyl ether 
under N2.% After the workup procedure as described in the 
literature, the evaporation of the solvent from the organic layer 
left a colorless oil which was used in subsequent reaction without 
further purification. All authentic samples of N-alkylacetamides 
were prepared by heating a benzene solution of the corresponding 
amine and acetyl chloride. All other organic and inorganic ma- 
terials are commercial products. The characterization of new 
compounds is summarized in Table VI. 

Amidoselenation of cis-%-Butene. General Procedure. 
cis-2-Butene was introduced to a dark red solution of phenylselenyl 
chloride (0.96 g, 5.0 mmol) in acetonitrile (30 mL) at room tem- 
perature until the color changed to pale yellow. Trifluoro- 
methanesulfonic acid (0.75 g, 5.0 mmol) and water (0.45 g, 25 
mmol) were then added, and the resulting mixture was stirred 
under reflux for 1 h. The reaction mixture was cooled to room 
temperature, saturated aqueous NaHC03 (30 mL) was added, and 
the products were extracted with chloroform (3 X 20 mL). The 
organic layer was washed with brine and dried over MgSO,. 
Evaporation of the solvent in vacuo left a yellow solid which was 
subjected to column chromatography (silica gel) to give diphenyl 
diselenide [0.20 g, 0.62 mmol, 25%; hexane-chloroform (5:l) as 
eluant] and threo-8 [1.0 g, 3.8 mmol, 75%; hexane-ethyl acetate 
(1:l) as eluant] as a pale brown solid. Recrystallization of this 
solid from hexane-chloroform (5:l) gave pure threo-8 as white 
needles: IR (KBr disk) 3290,3070,2970,1630,1550,1472,1430, 
1368, 1290, 1106, 728, 688 cm-'. 

The same result was obtained when an aqueous solution of 
trifluoromethanesulfonic acid (molar ratio of acid/water of 1:5) 
was used instead of the stepwise addition; thus this solution was 
used in almost all other reactions for convenience in weighing and 
storage. 

Preparation of an Authentic Sample of threo-8. To a 
solution of cis-2,3-dimethylaziridine [prepared by the reported 
method16 using 2.2 g (9.3 mmol) of threo-2-azido-3-iodobutane] 
in ether (50 mL) was added triethylamine (1.5 g, 15 "01) followed 
by the addition of acetyl chloride (1.2 g, 15 mmol) under ice-bath 
cooling. After the resulting white suspension was stirred for 24 
h at 20 "C, the white solid was filtered off and washed with ether 
(3 X 20 mL). The ether filtrate was washed with saturated 
aqueous NaHC03 and dried over MgS04. Evaporation of the 
solvent in vacuo left a pale yellow oil which was purified by 

(19) Clive, D. L. J.; Chittattu, G. J.; Farina, V.; Kiel, W. A.; Menchen, 
S. M.; Russell, C. G.; Singh, A.; Wong, C. K.; Curtis, N. J. J. Am. Chem. 
SOC. 1980, 102, 4438-4447. 

(20) Wittig, G.; Meyer, F. J.; Lange, G. Justus Liebigs Ann. Chem. 
1951, 571, 167-201. 
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Table VI. Characterization of New Compounds a 

compd mp, " ~ b  chemical shifts, 6 (J, Hz) IR,d cm-' 
1 ( R  = CH,) 149-150 1.0-2.3 (m, 8 H), 1.90 (s, 3 H), 3.00 (dt, 1 H, J =  4, ll), 3340,1640 

3.6-4.0 (m, 1 H), 5.3-5.6 (br s, 1 H), 

1 ( R  = CH,CH,) 

1 ( R  = CH,CH,CH,) 

1 ( R =  Ph) 

1 ( R  = CH,CO,CH,CH,) 

3 

4 

5 

6 ( R  = n-C,H,) 

7 ( R =  

6 + 7  

6 + 7  R = n-CsH1,) 

6 t 7 ( R  = n-ClOH,,) 

6 t 7 ( R =  n-C14H29) 

6 + 7 ( R =  n-C,,H,,) 

6 ( R = P h )  

erythro-8 

threo-8 

9 

10 

11 ( R  = CH,) 

11 (R  = CH,CH,CH,) 

101 -1 02 

67-68 

133-134 

74-75 

72 

107-108 

92-93 

71-72 

oil 

f 

f 

f 

f 

f 

oil 

oil 

76-77 

semisolid 

77-78 

11 8-1 20 dec 

131-132 dec 

69-70 

semisolid 

74-75 

7.2-7.4 (mi 3 H); 7.5-7.7 (m, 2 H ) e .  

1.9-2.3 (m,  2 H), 3.01 (dt ,  1 H , J =  4, ll), 3.5-4.1 (m, 1 H), 
5.5-6.0 (br d, 1 H, J =  9), 7.1-7.3 (m, 3 H), 7.3-7.7 (m, 2 H) 

0.95 (t ,  3 H , J =  7) ,  1.0-2.3 (m, 8 H), 1.66 (sextet, 2 H , J =  7), 
2.10 ( t ,  2 H , J =  7),  3.02 (dt, 1 H, J =  4, ll), 3.6-4.0 (m, 1 H), 
5.4-5.7 (br d, 1 H , J =  7), 7.2-7.4 (m, 3 H), 7.5-7.7 (m, 2 H ) e  

1.0-1.9 (m, 6 H), 1.9-2.5 (m, 2 H), 3.16 (dt, 1 H , J =  4, ll), 
3.6-4.2 (m, 1 H), 6.3-6.7 (br d, 1 H, J =  8), 7.0-7.8 (m, 10 H) 

1.26 ( t ,  3 H, J =  7), 1.0-2.0 (m, 6 H), 2.0-2.4 (m, 2 H), 
2.9-3.4 (m, 1 H), 3.22 ( s ,  2 H), 3.5-4.1 (m, 1 H), 
4.16 (9, 2 H, J =  7), 7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

1.5-2.4 (m, 6 H), 1.84 (s, 3 H), 3.38 (9, 1 H , J =  7),  
4.18 (quint, 1 H , J =  7) ,  6.5-6.8 (br d, 1 H , J =  7),  
7.1-7.4 (m, 3 H), 7.4-7.7 (m,  2 H) 

1.4-2.2 (m, 1 0  H), 1.89 (s, 3 H), 3.1-3.5 (m, 1 H), 
3.8-4.4 (m, 1 H), 6.3-6.6 (br d, 1 H , J =  7),  
7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

1.0-2.3 (m, 1 2  H), 1.86 (s, 3 H), 3.2-3.6 (m, 1 H), 
3.8-4.4 (m, 1 H), 6.2-6.5 (br d, 1 H, J =  7),  
7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

0.8-1.8 (m, 9 H), 1.80 ( s ,  3 H), 3.08 (d,  2 H , J =  5), 
3.9-4.4 (m, 1 H), 5.5-5.9 (m, 1 H), 
7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

0.7-1.7 (m, 9 H), 1.87 (s, 3 H), 3.0-3.6 (m, 3 H), 6.0-6.5 
(br s ,  1 H), 7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

0.7-1.8 (m, 1 3  H), 1.79, 1.87 (s, 3 H), 3.06 (d,  2 H , J =  5), 
3.5-4.4 (m, 1 H), 5.8-6.2 (m, 1 H), 7.1-7.4 (m, 3 H), 
7.4-7.7 (m, 2 H) 

0.7-1.8 (m, 1 7  H), 1.78, 1.86 (s, 3 H), 3.07 (d, 2 H , J =  5), 
3.9-4.3 (m, 1 H), 5.3-5.6 (m,  1 H), 7.1-7.4 (m, 3 H), 
7.4-7.7 (m, 2 H) 

0.7-1.7 (m, 21 H), 1.79, 1.87 (s, 3 H), 3.08 (d, 2 H , J =  5), 
3.8-4.4 (m, 1 H), 5.5-5.8 (br d, 1 H , J =  8), 7.1-7.4 (m, 3 H), 

1 .15 ( t ,  3 H, J =  7) ,  0.9-1.9 (m, 6 H), 2.13 (9, 2 H , J =  7), 

7.4-7.7 (m, 2 H) 

3.9-4.4 (m. 1 HL 5.6-5.9 (br d. 1 H. J =  9). 7.1-7.4 
0.7-1.8 (m, 29 H), 1.79, 1.87 (s, 3 H), 3.12 (d, 2 H , J =  5), 

I ,  ,I 

(m, 3 Hj, 7:4-7.j: (m, 2 H j  

3.9-4.4 (m, 1 H), 5.9-6.2 (br d, 1 H, J =  8), 7.1-7.4 
(m,  3 H), 7.4-7.7 (m,  2 H) 

6.4-6.8 (br d, 1 H, J =  8), 7.1-7.4 (m, 3 H), 

0.7-1.7 (m, 33 H), 1.77, 1.84 (s, 3 H), 3.06(d,  2 H , J =  5), 

1.86 (s, 3 H), 3.27 (d,  2 H, J =  7), 5.0-5.5 (dt, 1 H , J =  8, 7) 

7.24 (s, 5 H), 7.4-'7.7 (m, 2 H) 
1.13 (d, 3 H , J =  6), 1.41 (d, 3 H , J =  7), 1.70 (s, 3 H), 3.57 

(dq, 1 H , J =  4, 7), 3.9-4.6 (m, 1 H), 5.8-6.3 (m, 1 H), 
7.1-7.4 (m. 3 HL 7.4-7.7 (m, 2 H) 

1 . 1 7 ( d , 3 H , ' J = 7 ) , 1 . 3 7 ( d ; 3 H , J = 7 ) , 1 . 9 2 ( ~ , 3 H ) ,  
3.45(dq, 1 H , J =  4, 7), 3.8-4.5 (m, 1 H), 5.9-6.4 (m, 1 H), 
7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

0.7-1.8 (m, 11 H), 1.37 (d, 3 H , J =  7), 1.94 (s, 3 H), 
3 . 5 0 ( d q , l H , J = 4 , 7 ) , 3 . 8 - 4 . 5 ( m , l H ) , 6 . 0 - 6 . 4 ( b r d ,  
1 H, J =  9), 7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

0.7-1.9 (m, 11 H), 1.18 (d, 3 H , J =  7), 1.95 (s, 3 H), 
3.1-3.5 (m, 1 H), 4.1-4.6 (m, 1 H), 5.6-6.0 (br d, 1 H, 
J =  8), 7.1-7.4 (m, 3 H), 7.4-7.7 (m, 2 H) 

1.0-2.3 (m, 8 H), 2.01, 2.06 (s, 3 H, ca. 2:1), 2.98 (dt, 1 H, 
J =  4, l o ) ,  3.6-4.1 (m,  1 H), 7.4-7.7 (m, 3 H), 7.8-8.0 
(m, 2 H), 8.1-8.4 (br d, 1 H, J =  8 ) e  

0.95 ( t ,  3 H , J =  7), 0.8-2.2 (m, 8 H), 1.72 (sextet, 2 H, 

(m,  1 H), 7.4-7.7 (m, 3 H), 7.7-7.9 (m, 1 H), 7.8-8.0 
J =  7), 2.21 (t,  2 H, J =  7),  2.92 (dt, 1 H , J =  4, 12), 3.7-4.1 

(m, 2 HIe 
1.94 (s, 3 H), 2.1-2.9 (m, 4 H), 4.8-5.2 (m, 1 H), 5.6-5.8 (m, 

0.92 ( t ,  3 H , J =  7), 1.0-2.5 (m, 1 0  H), 4.3-4.8 (m, 1 H), 

1.0-2.3 (m, 8 H), 1.97 (s, 3 H), 4.3-4.8 (m, 1 H), 

1 H), 5.9-6.2 (m, 1 H), 6.2-6.5 (m, 1 H) 

5.5-6.1 (m, 2 H), 6.4-6.8 (br d, 1 H , J =  9 )  

5.3-6.0 (m, 2 H), 6.5-7.1 (m, 1 H) 

3320,1647 

3420,1647 

3380,1633 

3380,1743, 
1647 

3350,1640 

3350,1639 

3350,1641 

3320,1635 

3350,1651 

3340,1650, 
1640 

3370,1650 

3390,1652 

3380,1651 

3380,1651 

3320,1648 

3320,1644 

3290,1631 

3350,1644 

3310,1640 

3240,1667 
(816) 

3220,1660 
(801) 

3320,1640 

3350,1642 

3370,1637 
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Table VI (Continued)  
compd mp, "Cb chemical shifts, 6 ( J ,  Hz) IR,d cm-' 

105-1 06 1.0-2.5 (m, 1 0  H), 1.96 (s, 3 H), 4.5-5.2 (m, 1 H), 3380,1635 
5.2-5.9 (m, 2 H), 6.9-7.3 (br d, 1 H, J =  8) 

N h C 3 C H I  

C H 5 C H  CH=CH? oil 1.22 (d, 3 H , J =  7), 1.99 (s, 3 H), 4.3-4.9 (m, 1 H), 5.06 3350, 1651, 
I (dt, 1 H , J =  10, 1.5), 5.15(dt, 1 H , J =  17,1.5),  

5.90 (ddd, 1 H, J =  5, 10, 17),  6.8-7.4 (m, 1 H) 
1640 

3 
k H C 0 C 13 

a Satisfactory combustion analytical data (+0.4%) for C, H, and N were obtained. After recrystallization from hexane- 
chloroform (5-1O:l). 
film for oils and semisolids; v ~ - ~ ,  u ~ = ~ ,  (and v s e = 0 ) .  e 100-MHz NMR. f Not determined because a pure isomer was not 
obtained by recrystallization from hexane-chloroform (10: 1). 

60-MHz NMR unless otherwise stated. Measured on KBr disks for all crystals and on a liquid 

distillation using a Kugelrohr apparatus [-140 "C (20 torr)] to 
give cis-N-acetyl-2,3-dimethylaziridine: 0.37 g (3.3 mmol, 35%); 
IR (film) 3000,2950,1695,1420,1364,1300,1230 cm-'; 'H NMR 
6 1.23 (d, 6 H, J = 6 Hz), 2.07 (9, 3 H), 2.4-2.7 (m, 2 H). 

To a suspension of diphenyl diselenide (0.47 g, 1.5 mmol) in 
ethanol (15 mL) was added sodium borohydride (0.13 g, 3.3 mmol) 
in batches at  room temperature to give a yellow solution. A 
solution of cis-N-acetyl-2,3-dimethylaziridine (0.34 g, 3.0 mmol) 
in ethanol (5 mL) was then added, and the resulting solution was 
stirred at  room temperature for 2 h. The reaction mixture was 
poured into aqueous HCl(O.2 N, 50 mL), and the products were 
extracted with ether (3 X 40 mL). The organic layer was washed 
with saturated aqueous NaHC03 and dried over MgSO,. Evap- 
oration of solvent in vacuo left a yellow solid which was subjected 
to column chromatography (silica gel) to give diphenyl diselenide 
(0.084 g, 0.27 mmol, 18%; hexane as eluant) and threo-8 [0.49 
g, 1.8mmol,60%; hexane-ethyl acetate (1:2) as eluant] both as 
solids. Recrystallization of the latter solid from hexane4doroform 
(5:l) gave white needles, mp 77-78 "C. Spectroscopic data (IR 
and 'H NMR) of this crystal was identical with that of the @-amido 
selenide obtained from cis-Zbutene, and the mixture melting point 
was not depressed. 

Synthesis of 3-Acetamidocyclopentene by Oxidative 
Elimination of 3. General Procedure. To a solution of 3 (0.56 
g, 2.0 "01) in tetrahydrofuran (20 mL) was added 30% aqueous 
H202 (2.3 g, 2.0 "01) dropwise at  0 "C, and the resulting solution 
was stirred at  20 "C for 2 h. The solution was poured into 1 N 
aqueous NaOH (100 mL), and basic products were separated from 
the organic layer by extraction with 0.5 N aqueous HCl(3 X 30 
mL). The aqueous layer was rendered alkaline by addition of 
NaOH pellets and again extracted with chloroform (3 X 50 mL). 
After the latter organic layer was dried over MgSO,, evaporation 
of solvent gave pure 3-acetamidocyclopentene (0.21 g, 1.7 mmol, 
83%) as the sole product: IR (KBr disk) 3320,3090,2980,2875, 
1640, 1552, 724 cm-'. 

Synthesis of 3-Acetamidocyclooctene by Oxidative Elim- 
ination of 5. After the oxidation of 5 (0.65 g, 2.0 mmol) by 30% 
aqueous HzOz (2.3 g, 20 mmol) as described above, the reaction 
mixture was poured into 1 N aqueous NaOH (100 mL). The 
products were extracted with chloroform (3 x 50 mL), and the 
organic layer was dried over MgSO,. Evaporation of solvent in 
vacuo left a pale yellow solid which was subjected to column 
chromatography (silica gel) to give 3-acetamidocyclooctene t0.28 
g, 1.7 mmol, 84%; hexane-ethyl acetate (1:l) as eluant] as a sole 
product: IR (KBr disk) 3380,3100,3040,2950,2880,1635,1545, 
760 cm-I. 

Isolation of Selenoxide (11; R = CH3). To a solution of 1 
(R = CH3; 0.59 g, 2.0 "01) in tetrahydrofuran (20 mL) was added 
30% aqueous H20z (2.3 g, 20 mmol) dropwise at  0 "C, and the 
resulting solution was stirred at  20 "C for 2 h. The solution was 
poured into 1 N aqueous NaOH (100 mL) and the products were 
extracted with chloroform (3 X 50 mL). After the mixture was 
dried over MgSO,, the solvent was removed under reduced 
pressure to give a pale yellow solid which was washed with ether 

(3 x 100 mL) to give almost pure 11 (R = CH3): 0.60 g (1.9 "01, 
95%); white powder; IR (KBr disk) 3240,3060,2950,2870,1667, 
1554,1440,1370,1309,1176,1131,967,816,749,691 cm-'. The 
IR spectrum of 11 (R = CH2CH2CH3) is as follows (KBr disk): 
3220, 3030, 2950, 2870, 1660, 1550, 801,750,692 cm-'. 

For reference, the IR spectra of 1 (R = CH3) and 1 (R = 
CHzCH2CH3) are as follows: 1 (R = CH3) (KBr disk) 3340,3060, 
2930,2850,1640,1534,1437,1368,1314,1180,1110,983,744,691 
cm-'; 1 (R = CH2CH2CHJ (KBr disk) 3420,3080,2950,2880,1647, 
1533,740,690 cm-'. 

Thermal Fragmentation of 11 (R = CHS). Pyrolysis of 11 
(R = CH,) was carried out by using Kugelrohr distillation at 250 
OC (2 torr). The distillate (yellow oil) was dissolved in ether (20 
mL), and the basic products were extracted with 0.5 N aqueous 
HC1 (3 x 20 mL). After the mixture was rendered alkaline by 
the addition of NaOH pellets, the aqueous layer was extracted 
with chloroform (3 X 30 mL). This organic layer was dried over 
MgSO,, and solvent was removed under reduced pressure to give 
3-acetamidocyclohexene: 0.28 g (2.0 mmol, 100%); a pale yellow 
solid; mp [after recrystallization from hexane-chloroform (lOl)] 
79-80 OC (lit.12a mp 78 "C). 

Triphenyltin Hydride Reduction of 1 (R = CH,). A ho- 
mogeneous toluene (10 mL) solution of 1 (R = CH,; 0.148 g, 0.5 
mmol) and triphenyltin hydride (0.88 g, 2.5 mmol) was heated 
at  reflux for 4 h under stirring. The GLC analysis of the cooled 
solution with ethyl cinnamate (0.065 g, 0.37 mmol) as an internal 
standard revealed the presence of 0.50 mmol of N-cyclohexyl- 
acetamide. 
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